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TIME VARYING SOLAR CYCLE PROTONS 
PROGRAM MANUAL 
INTRODUCTION 
The purpose of this manual is to provide a detailed description of the pro- 
grams employed in czlcdatinng the variation of the proton population in the earth's 
radiation belt due to solar cycle atmospheric and source changes. This report 
makes no attempt to make detail explanations of the theory involved in the cal- 
culations. An adequate list of references is provided for those interested in  the 
explanation of the methods and the results to be expected. The entire process 
involves several interdependent steps. For example, the diurnal averaged at- 
mosphere and the rings output from the B-L search routine are input to the 
longitudinal averaging processor. The output from this program is then used as 
input to the "bounce" average program and so forth. Each program description 
includes the equations used, a flow chart and Fortran listing of the program, 
input and output specifications, card descriptions, sample input and output data 
and running time. The code is written in Fortran II language and assembledunder 
GSFC-NASA Theoretical Division monitor system on the IBM-7094 computer. 
1 
I. DIURNAL AVERAGED ATMOSPHERE 
Contained here a re  tables of number density vs. altitude and solar f lux  num- 
ber. Separate tables of He, 0, 0,, N, and H are contained in Tables 1-5. The 
models a re  those generated by Harr is  and Priester. (,) Each model refers  to 
a given solar radiation flux in units of lo-,, watts/m ,/cycle/sec. The link be- 
tween solar flux, S, and time is given by Figure l (reproduced from reference 2 
with the permission of Harris and Priester). This data is included for continuity 
and is used as input for thelongitudinal averaging processor. The Harr i s  and 
Priester atmosphere and solar flux vs. time curve is the data used and is subject 
to change as  soon as  better data becomes available. Such changes can be per- 























Diurnal Averaged Number Densities of He as a 
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Diurnal Averaged Number Densities of 0 as a 
Function of Altitude for Five Solar Flux Numbers. 
250 
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Diurnal Averaged Number Densities of 0, as a 
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Diurnal Averaged Number Densities of N, as a 
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Diurnal Averaged Number Densities of H as a 
Function of Altitude for Five Solar Flux Numbers. 
250 
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II. B-L SEARCH 
A. Introduction 
.. 
This program produces contours of constant B and L as a function of longi- 
tude, latitude and altitude in both the northern and southern hemispheres. The 
desired initial values of B and L are read into the program along with an 
approximate corresponding latitude, A , which can easily be obtained by the use 
of Figure 2. The dipole equation ro  = Lo cos2 A relating the initial L and 
the geocentric distance rOis  used with the radius of the earth, re ,  and the equa- 
tion h, = re ( r o  - l) to provide an approximation of the altitude. This is fed, 
together with a longitude of 18C degrees and latitude A, into subroutine INVAR 
which calculates B and L for a given longitude, latitude and altitude. Tois sub- 
routine makes use of the transformation developed by McIlwain (3) using the 48 
spherical harmonic coefficients of Jenson and Cain ( 4 ) .  INVAR numerically 
integrates the longitudinal invariant I using a series expansion for  the magnetic 
field. Then L is calculated as a function of both B and I by using a dipole rep- 
resentation of the earth. The B and L obtained in this manner a r e  returned to 
the main program. Here the accuracy of the initial approximation is checked. 
If the computed L is found to be within an accuracy of of the initial L the 
program will enter into a search routine with linear interpolation in latitude 
and altitude in order to arrive at a correct B. The search parameters Ah (in- 
crement in altitude) and Ah (increment in latitude) a re  prefixed and must remain 
small in order that interpolation may hold. Once B is found, it is checked, to- 
gether with the value of L, to insure an accuracy of in comparison with the 
initial values. If the accuracy is sufficient the subroutine RING will be called 
for  the northern hemisphere. This subroutine takes a given latitude and altitude 
and computes the B and L contour map for  longitudes of 1 0  degree increment 
fo r  the full 360 degrees. The program then computes the contour map for the 
southern hemisphere at the same B and L, increments B by .01 gauss and returns 
to the northern hemisphere. It will continue in this manner until the altitude 
drops below 100 kilometers, at which point the next initial B, L and A will be 
read until input data is exhausted. The entire process prepares input for the 
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temporary storage of B 
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l o  
C. Flow Charts 
1. Main Program 
RE, QELH. MQNG 
ad DUT. 
ELG. ALAT 
L C N l T . 0  
Call I l V A R I a  ’ 
81. EL1 
Is E L I  nmin E L I  - EL0 
H2 = H I - A H  
Call INVAR f a  
82. EL2 
Interpolate 
ALAT, H1. B l .  E L I  
El LLAT=ALAT+QLAT 
I 5 0  
402 
Redefine QELH. 




+ QLAT. ALAT la 
Nwthan Hemitphae - 
11 
START 
from main program 
XPHl = PHI 1 XALT = ALT * PRLNG =- 180' 
Selup DPHIS, DALTS, 
ERRB, ERRL 
2.  Subroutine Ring 




< O  9 DPHl = DPHIS 
DALT= DALTS 
k 
XLDNG XLONG = 
* Call INVAR for E, E L  
I RE = BDES - B RL = ELDES -EL 
Call INVAR for BP, ELP (2 
B P -  B 
DPHl 






LCNT t 1 
K = O  
I = 1  
.1 




ALT =ALTN I 
I
Call INVAR for EA, ELA 
1 EA;: - t i i  '1:; 
ELA - E L  ELA =- 
r-- DEN = (BP'ELA - ELP'BA) I (RWELA - RL'BA) 
DEN DELP = 
(BP'RL - ELP'RB) DELA = I -  
ALTN = ALT t DELA 
Call INVAR for EN, ELN 
RBN = BDES - EN 
RLN I; ELDES - ELN 
E L  = ELN 
PHI PHlN 
B =EN 
ALT = ALTN 
E L  = ELN 
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ALAT must be remotely close to the correct latitude corresponding to the 
initial B in order to save machine time and to insure the accuracy of the answers. 
ALAT must always be positive and greater than the geomagnetic equator at geo- 





Cards containing the initial values of B, L and h are  all the data necessary 
for the execution of this program. This data is entered on logical tape number 
two. Each card represents a single case. 
1. Card Description 





initial magnetic induction 
initial magnetic field line 
initial latitude 
36 
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G. Output 
Output from this program appears on logical tapes 3 and 5. Both tapes 
contain the same information with the exception that tape 3 also contains the 
intermediate results of the search routine. Tape 5 is the output to be used in 
the longitudinal averaging processor. This tape is punched onto cards which 
can be combined with similar output f rom other runs. All this data can then be 
used as input to the longitudinal averaging processor, but it is important that a 
blank card follow the last of the data cards. This arrangement is discussed in 
the next section. 
38 
1. Tape 3 Sample 
BO= O o 1 1 C O C  L G =  1.75000 I N I T I A L  LAT=26.00000 
I h T E R V E C I A T E  RESULTS--YORTHESN HEMISPbEKE 
L C N C  
180oGCCCrj 
180-  00000  
180. O O O O C  












-80.  G O  
- I G .  00 











3 O . C O  









1 ~ 0 . 0 0  
16O.r)O 
1 7 O . n C  
L A 1  ALT - 8  
26oOOi)OO 3533022E39 0.10159 
28.00C)OC 3257.93344 0.11298 
2 7 0 4 7628 33  30.02 18 5 0.10985 














8 - 6 6  
10.36 



















2 3 - 8 7  
26.92 



































3 5  17.7C 
3464. 0 0 
3 4  10.37 




0.  10987 
0.10987 
0 -  10986 
O.lC980 
0 .  10986 
0.1098 I 















0.  iOV87 
0.10385 
0. 10985 







0.  10986 
0.10Y86 
0 -  10987 
L 
1 . 75000 
1,74355 
1- 7f5OOO 
1 . 74955 





1 0 74966 
1.74'i66 
1 . 75054 
1 . 75049 
1.73052 
1.74978 
1 . 74947 
1.74926 
1.74933 








1. 74t! 14 
1.74857 
1.74941 
1 . 74939 
1.74936 
1 . 74 341 
1.74857 
1.74880 
1 . 74938 
1.74968 
1 . 75053 
1 . 74985 
1 7493 2 
1 75C07 
39 
I N T t r < ” t I : I \ A T t  R E S U L T S - - S U b r t l i r R Y  H i P ” I S P h t t ? t  
14c.ccci l :  - ~ D . ; ‘ ~ S C C  3 6 9 5 . 0 8 5 1 4  0 l O O 3 U  
1 8 G ~ C ~ C l O d  -16.7091 3 3 4 7 2 . 3 7 3 7 3  C’. 1039G 
LCV; LAT ALT c 
1 8 9 . 3 O r l O U  - 1 7 . C 0009 3 4  3 3 0 0‘1 2 5 6 0 . 1 1 1 7 1  
R =  C . l C Y ’ j 0  L=  1 . 7 4 9 8 s  
F I h 4 L  RESbLTS 
- l bo .~Ja  -16.70 3473 .37  0 . 1 0 9 9 0  
-130.0(1 -16.70 3472.37 0 . 109‘30 
-170.JC -18.67 7441 .67  9.1093C 
-160.03 -20.70 3407 .83  0.10990 
-15C.00 -22.7e 3370.58 0 . 1 0 W O  
-140.00 -24 A 6  3327.73 G.10930 
- 1 3 0 . C G  -26.87 3 2 7 7 . d 4  00109R8 
- 1 2 0 . 0 G - 2 8 . 9 2  3213.91 O.li)t187 
-1lc3.00 -70.96 3 1 > 3 * 5 8  0 . 1 0 9 ~ 7  
-1OG.00 -32.95 3077 .77  0.10987 
-90.00 -34.76 2 9 9 0 . 9 4  0.1U5b7 
-8O.ilO -36.23 2 8 9 5 0  15 0. LG’9eo 
-70.00 -37.17 2794.22 O.loYe9 
-6O.CO -37.39 2694 .25  0.10990 
- 5 O . O G  -36.73 2603 .75  O - f W 9 1  
-40.00 -35.0‘3 2533.32 Qo10391 
-30.03 -32.47 7437 .69  0 .10991  
-20.00 -29 .36  2503 .03  0 . 1 0 3 8 7  
-1o .w -25.47 2 5 4 5 . 8 4  0.104i3CI 
-c. - 2 2 . 2 1  2615 .13  0.105,90 
1O.Od -19ohCJ 2695 .72  O . l O ( ~ 9 d  
2o.ocJ -17.80 2780 .87  0.10490 
30.00 -16.70 2 8 7 0 . 6 6  0,109‘90 
40 .00  -15.9d 2 9 6 9 . 8 8  0- 1093U 
50.00 -15.29 1 0 7 9 . 5 3  0.l lCOU 
60.00 - 1 4 . 5 3  3205.88 0 .  LOW0 
7 0 . 0 ~  -13.64 3 3 2 8 . 5 3  O . l O C 1 9 O  
80.00 -12.77 3 4 3 7 . 5 7  0 .10930  
90.00 -12.38 3524.42 O.lGY90 
100.00 -11.65 3585.00 0 , 1 0 9 9 0  
l l O . U 0  -11.42 3 6 1 8 . 9 8  0.109313 
120.00 -11.44 3531 .77  0 -  10990 
230.00 -11.60 3624.71 0.1093L 
150.00 -12.51 3 5 7 0 . 6 3  0.1098Y 
160.00 -13 .51  3536.55 C.10989 
170.00 -14.92 3 5 0 3 - 2 1  0.1@9t?8 
140.00 -11.89 3601 .71  0 . 1 0 9 9 3  
40 
1 
1 . 7 4 3 Y E  
1 . 7 4 3 9 5  
1 .7498?  
1 .74989  
1 . 7 4 9 8 9  
1.7S006 
1 . 7 2 0 0 1  
1.7>00? 
1.7wXl5 
1 .74P90  
1 . 74t92 
1 .74908  
1 . 7 4 9 0 1  
1 .74943  
1 .74975  
1.75909 
1.75021 
1 75U 13 
1 74902 
1 7 4 3 1 5 
1 74C96 
1.74Y17 
1 .74S4h  
1.75003 
1 7 5 i) 1 3 




1 .7 5 0 1 0 
1.75010 
1 7 5 0 1  1 
1. 75007 
1 .74908  
1 . 7 4 4 9 5  
1 .75053  
1.74357 
1 . 7 4 9 3 9  
1 .74915  
1 74‘167 



































~ H. RunningTime 
This program takes about ten minutes for each 100 kilometers in altitude. 
The initial minimum altitude is required in order to estimate the number of 
kilometers for a particular run. U s e  Figure 2 and the initial values of B, L and 
h to arrive at an estimate of the initial altitude h. Subtracting 800 kilometers 
from this value will give the approximate initial minimum altitude of the first 




?GITUDINAL AVERAGING PROCESSOR 
Input to this program a r e  the five diurnal average number density tables 
(Tables 1-5) and the B-L contour rings output from the B-L search routine. The 
tables a re  interpolated (extrapolated) in order to obtain a density value for  every 
ten degrees of longitude in the B-L contours. The densities are then added to- 
gether for  each of the five flux models, and the resulting sum is divided by 36 to 
arr ive at the longitudinally averaged number density. This is done for the north- 
e rn  and southern hemispheres separately and then these values a re  added together 
and divided by two in order to obtain one number density for  each B and L and 
each of the five flux models. These final values a r e  used as  input to the lambda 
punch program. 
B .  Mnemonics 
Quantitv 
WJ) 
Sl(J), . . ., S5(J) 
A l , .  . ., A5 
SS1 (J), . . ., SS5(J) 
AVHA 
AVBNl, . . ., AVBN5 
LONG 
PHI 
J t h  altitude 
atmosphere 
DescriDtion 
from the diurnal averaged 
tables, Tables 1-5 
diurnal averaged atmosphere densities 
for  the Jth altitude and fluxes of 250, 
200, 150, 100 and 70 x 
cycle/sec from Tables 1-5 
temporary storage of S1 (J), . . ., S5(J) 
natural logarithms of Sl(J) ,  . . ., S5(J) 
sum of EL 















Quantity Description units 
km. ALT altitude 
B magnetic induction gauss 
EL magnetic field line earth radii 
temporary storage of SSK(J) at altitude 
I = J depending on whether K = 1, 2 ,  3,  
4 o r  5 - -  
HA temporary storage of altitude km. 
YA natural logarithm of density at altitude 
ALT - -  
BARN density at altitude ALT atoms/cm 
BARNAV(K) temporary storage of BARN for flux 
model K I 1  
JUNK temporary storage of K - -  
AVERHl average longitudinal value of EL for 
only one hemisphere earth radii 
AVERNl, . . ., AVERN5 averaged densities for  the five flux 
models and one hemisphere atoms/cm3 
- -  FIN end of file trigger for  tape 6 
E L1 EL for northern hemisphere earth radii 
f f  EL2 EL for  southern hemisphere 
B1 B for northern hemisphere gauss 
1 1  B2 B for southern hemisphere 
46 
_ .  . 
Quantity Description Units 
EN1,. . . ,EN5 the first time this designation appears 
it represents the northern hemisphere 
densities for the five flux models. The 
second time it appears it represents 
the densities for  the north and south 
averaged together. atoms/cm3 
EN12, . . ., EN52 averaged southern hemisphere densities 







counter to keep track of which hemi- 
sphere is being considered - -  
counter to keep track of which atmos- 
pheric constituent is being considered - - 
first six letters of the constituent 
name designated by ITTI - -  
last two letters of the constituent 
name designated by ITTI - -  
first six letters of constituent name - -  
last two letters of constituent name - -  
c 
47 
C. Flow Chart 
Fom table 01 density logs of 
the Kth flux ncddel for . 
altitudes n(i) to n(mi and 
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Input tables must have densities for  altitudes starting at 120 kilometers and 
followed by each 100-kilometer level up to 2000 kilometers. If the tables are 








Input to this program is handled by two tapes. On tape 2 are entered the 
diurnal averaged atmosphere tables (Tables 1-5). These tables are punched on 
cards and placed one behind the other at the end of the Fortran deck. These 
tables must be input in the following order: helium, oxygen, molecular oxygen, 
nitrogen and hydrogen. This is necessary in order that the constitutuent names 
may be correctly punched on the output. It is also important that a blank card 
follow the last table in order to notify the program when it has reached the end 
of the file. 
On tape 5 are placed the B-L contours which were produced by the B-L 
search program. As with the tables, the last card must be blank in order to 
designate an end of file. 
1. Tape 2 
a. Input Card Description 
ATMOSPHERE TABLES 
Columns Mode Quantity Units Description 
1-12 E S1 (N) atoms/cm3 density .for flux model 1 ,  altitude N 
1 1  
1 1  
1 1  
1 1  
2,  
3 ,  
4 ,  
5 ,  
1 1  I 1  1 1  
1 1  1 1  1 1  
I 1  1 1  1 1  
1 1  I 1  1 1  
13-24 E s 2  (N) 
25-36 E s 3  (N) 
37-48 E s4 (N) 














2. TaDe 5 



















magnetic field line 
r 
56 
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. .  






















Output for this program appears on logical tapes 3 and 10. Tape 3 will con- 
tain the averaged densities for each of the five flux models at a particular B and 
L for both northern and southern hemispheres and for  each of the five constitu- 
ents. The constituents (He, 0, 0,, N, , H) follow each other in the same order as 
they exist in the tables which a re  input on tape 2. Tape 3 is printed with appro- 
priate headings. 
Tape 1 0  also contains densities for the five flux models at each B and L but .. 
here the northern and southern hemispheres a r e  averaged together to give one 
final value for each B and L. Tape 1 0  contains no headings but each card is 
labeled with the appropriate constituent name. This tape is punched in order to 
be used as input to the lambda punch. 
A scratch tape must be set up on logical tape unit 6. Although no data ap- 
pears on this tape at the completion of the program it is used in intermediate 




1. Tape 3 Sample 
ATPOSPHESIC CCNSTITUENT--HELIUM 
AVERAGE L =  1.142 R=.23891 
AVERAGE NUMBER DthSITIES FOR D I F F  S 
NORTHE9rU HEVISPHERE 
0 . 8 3 0 0 t  06 0.7508E 06 0.6289E 0 6  0.46GOE 06 0.3382E 06 
AVERAGE L =  1.142 8=.23890 
AVERAGE NUMBER DENSIT IES FOR DIFF S 
SGUTHERN HEEIISPHERt 
0 . 1 3 4 6 t  08 O.12LOE 08 Oo1064E 0 8  0 1 9 1 3 4 E  07 0 - 8 2 0 7 E  C7 
AVERAGE L =  1.142 R=.22741 
AVERAGE YClMBER DENSIT IES FOR D I F F  S 
YCRThERk HEPISPhERE 
0.7137E 06 0.6282E 06 0.50636 06  0.3493E C 6  0.2433E 06 
A V E R A G E  L =  1 , 1 4 2  C=.22736 
AV€RAGE NUMBER 0 E h ; S I T l t S  FOR D I F F  S 
SCtiTHEdk HEPISPPERE 
C o 1 4 2 8 E  0 7  0.1402E 0 7  0 - 1 3 5 7 E  0 7  0.1293E 07  0.1250E 07 
AVERAGE L =  1.142 R=.23465 
AVERAGE NURBEK CENSIT IES FOR D I F F  S 
NCRTHERN HEYISPVERF 
0 - 7 8 4 Z E  06 0.7021E 06 0 .5795 t  06 0.4145E 06 0.2984t 06 
AVERAGE L= 1.142 8= .23466  
AVEKAGE NUFLBER CEhrSITIES FOF D I F F  S 
SOUTPERN HEMISPHERE 
0 1 5 2 0 5 E  07  0.4932E 07 0.4608E 0 7  0.4235E 07 0.39R6E C7 
AVERAGE L =  1.142 P=.21968 
AVERAGE NUPBER U E N S I T I t S  FUR D I F F  S 
UORTHtRN HtMISPPEqE 
0.6485E 06 0.5615E 06 0.4423E 06 0.2952E 06 0.1996k 06 
AVEKAGE L =  1 . 1 4 2  Bz .21968  
AVERAGE NUMBER CEbiSITIES FOR D I F F  5 
SObTHERN HEWISPHERE 
0.8665E 06 0.8125E 06 0.7325E 06 0.6253E O b  0.5477E 06 
AVERAGE L =  1.170 8=.23992 
AVERAGE YUMBER D E k S I T I E S  FUR D I F F  S 
'YORTHERN HC-HISPHESt 
0.7300E 06 0.6415E 06 0.5134E 06 0.3472E 06 0.2351E 06 
AVERAGE L =  1.170 8=.23991 
AVERAGE NUMBER CEYSIT IES FOR D I F F  S 
SOUThEQK HEMISPPERE 
0.1571E 0 8  0.1399E 08 0 - 1 7 1 7 E  0 8  0.1032t 08 0.9197E 0 7  
59 
AVERAGE L =  1.170 h=.23468 
AVEi tAGt N U P B t l  CEFuSITIES F O g  E I F F  5 
VCRThE9Y t i t P 1  SPhCRC 
0 . 6 7 8 5 t  0u 0.5881E 06 0 .4h14E 06  0.3026E 0 6  0.1990E 06 
AVt t<4GE L =  1.17C H=.23467 
AVERAGE hUVt3EK C E h S I T I E S  FOR D I F F  S 
SCUTbERN HEY~ISPHERE 
C.SOZ>t 0 7  0.4766E 07 0.4499E 0 7  0 - 4 1 0 6 E  07  0 . 3 8 7 4 t  07 
AVEKAGE L =  1 .170 R=.22957 
AVERAGE [LIJYBER C E h S I T I E S  FUR U I F F  S 
NURTHEttN HEMISPHERE 
0.6319E 0 6  0 . 5 4 0 3 t  06  0 . 4 1 5 8 t  06  0 .2647E 0 6  C.1693E 06 
AVEIIAGE L =  1.170 ? = e 2 2 9 5 6  
AVE9ALE VUMDER U E N S I T I E S  FUQ U I F F  S 
SCUTHEKN HEMISPHERE 
0 - 1 9 7 5 t  0 7  0 .1940E 0 7  0 . 1 8 8 5 t  0 7  0 . l t i l O t  0 7  0.1758E C7 
AVERAGE L =  1.170 t3=.21976 
AVERAGE NUMBER C E N S I T I E S  FO4 U I F F  S 
NCRTHtQN HEMISPhtKt 
0.5513E 0 6  0.4595E 06 0.3410E 0 6  0 .2052E O b  0.1746E 06  
AVERAGE L =  1.170 H=.21977 
AVERAGE t%UMHE!I D E k S I T I E S  FER DffF S 
SCUTt'tRN HCMISPhERt  
0.8559E 0 6  0.8062E 06 0.7343E 0 6  0.64C6E 06 0-5740t 06 
AVtRAGE L =  1.170 H=.20975 
AVERAGE NUCBEK D E N S I T I E S  FOR U I F F  S 
IUCRTHEZN hEMISPHERt  
G.4812E 0 6  0.3913E 0 6  0.2804E 06  0.16COE 06 0.9249E 05 
AVEKAGE L =  1.170 0=.20972 
AVEKAGE NUMBER D E N S I T I E S  FOR D I F F  S 
SOUThERPU HEMISPhERE 
0.6456E 06 0.5736E 0 6  (3.4764E 0 6  C.3555E 06 0.2730E 06 
AVERAGE L =  1.170 t3=.20474 
AVERAGE NUMBEK CEPUSITIES FO!? D I F F  S 
NORTHERN HEPISPHERE 
0 - 4 5 1 3 E  06 0 - 3 6 2 9 E  06 0 - 2 5 6 0 E  06 0 .1428k 06 C.8090E 0 5  
- .  
AVERAGE L =  1.170 B=.20475 
AVERAGE NUCBER OENSITIES FOR O I F F  S 
SOUTHERN HEMISPHERE 
0 - 5 6 9 2 E  06 0 - 4 9 1 1 E  06 0 - 3 8 3 6 E  06 0.2688E 06  0.1907E 06 
AVERAGE L =  1.170 R=.20141 
AVERAGE NUMBER O € N S I T I E S  FOR DI f -F  S 
YCRTHERN HEMISPhtERE 
0.4332E 06 0.3460E 06 0 - 2 4 1 9 E  O h  0.1333E 06  0.7467t 0 5  
60 
AVERAGE L= 1.170 8=.20134 
AVERAGE NUMBER CENSITIES f O 4  D I F F  S 
SOUTHERN HEMISPHERE 
0 - 5 2 0 7 E  06 0 - 4 3 9 9 E  06 0 - 3 3 7 5 E  06 0 - 2 1 9 9 E  06 0 - 1 4 7 4 E  06 
AVtRAGE L =  1.188 8 = - 2 3 3 8 2  
AVERAGE NUMEER D E N S I T I E S  FOR O I F F  S 
NCRTHERN hEPISPPERE 
0 - 6 1 7 9 E  06 0 - 5 2 4 8 E  06 0 - 3 9 9 2 E  06 0 - 2 4 8 5 E  O b  0 - 1 5 5 0 E  06 
AVERAGE L= 1.188 B=,23383 
AVERAGE NUMBER DElr iSfTIES FOR D I F F  S 
SOUTHERN HEFISPHERE 
0.3782E 07 0 - 3 6 3 2 E  07 0.3447E 0 7  0.3229E 07 0 - 3 0 8 4 E  G 7  
AVERAGE L =  1.188 R=.21177 
AVERAGE NUMBER C E N S I T I t S  FO8 O I F F  S 
NCKTHERN HEMISPHERE 
C.4507E 06 0.3605E 06 0 - 2 5 1 7 E  06 0.1373E 06 0 - 7 5 6 1 E  05  
AVERAGE L =  1,188 R=.21175 
A V E R A G E  NUMBER D E N S I T I E S  F W  U I F F  S 
SCCTHERN HECISPHERE 
0 - 6 6 3 9 E  O b  0.5964E 06 0.5050E 06  0 - 3 9 0 4 E  O b  0.31G8E 06 
AVERAGE L =  1 - 1 8 8  8=.25851 
AYtRAGE NUPBER D E N S I T I E S  FOR D I F F  S 
NGRTHERN HEMISPHERE 
0 - 8 7 7 6 E  06 0 0 7 9 7 2 E  06 0 - 6 6 8 7 E  06 0.4846E C 6  0.3495E 06 
AVERAGE L =  1.188 R=.25853 
AVERAGE NUMt3ER C j t N S I T I E S  FOR G I F F  S 
SCUTHEqN HEFLISPtiEilE. 
0.8554E 0.3 0.6005E 09 0.3943E 0 9  0.2397E 09 O.1695E G 9  
AVERAGE L =  1.188 8=.24959 
AVt2AGE NUPRE9 CEhSITIES FUR b I F F  S 
PdGRTHERN HtlvlISPHERE 
0 . 7 7 3 3 t  06 0 . 6 8 5 b t  06 0.5550E 0 6  0 - 3 8 0 7 E  06 O - 2 6 0 3 E  06 
. 
AVL-SAGE L =  1.188 f i= .24954 
AVERAGE &UMBEY C E N S I T I E S  FO? OIFF 5 
SGLTHERN HECISPHtRc 
0.1175E 03 0 - 9 2 7 5 E  08 0 - 7 0 0 4 E  0 8  0.5030E 08 0 - 3 9 9 5 E  08 
AVERAGE L =  1.188 R=.23938 
AUtKAGE NUMBER D E N S I T I E S  FUS O I F F  S 
NURTHESN HtMISPHESE 
0.6690f 06 (3.5769E 06 0.44Hbt 0 6  O-2M9OE 00 O - L b 6 2 E  06 
AVERAGE L= 1.188 B=.23934 
AVERAGE NUMBER D E N S I T I E S  F@R U I F F  S 
SCUThE?N HEMISPbESt 
0.1212E 08  0.1095E 08 0.9695E 0 7  0.8383E 07 0 . 7 5 7 1 t  07 
61 
AVERAGE L =  1.188 0 = - 2 1 9 8 1  
AVERAGE NUMBER DEIvSIT IES FOP DIFF S 
NCRTHERN HECISPHtRE 
0.5056E 0 6  0 - 4 1 3 3 E  0 6  0 . 2 9 7 6 t  0 6  0 - 1 7 0 2 E  0 6  0.9799E 0 5  
AVERAGE L =  1 .188  B=.219R1 
AVERAGE NUMBER D E N S I T I E S  FOQ DIFF S 
SObTkiERN HEMISPHERE 
0 . 8 3 3 5 ~  0 6  0 . 7 8 3 8 ~  0 6  0 . 7 1 3 3 ~  0 6  0 , 6 2 2 3 ~  06 0 . 5 5 7 9 ~  0 6  
AVERAGE L =  1,188 Ez.20482 
AVERALE NUMBER C E N S I T I E S  FOR DIFF S 
N G R T h t 9 h l  h€MISPhERE 
0.4087E 0 6  0 . 3 2 1 1 €  0 6  0 .2185E 0 6  0 .1146E 0 6  0.6086E 0 5  
AVEHALE L =  1.188 5 = . 2 0 4 8 1  
AVtRAGE hUMt3ER DEIvSIT IES FOR DIFF S 
SCLTHERN H E M I S P k t R t  
0.5597E 06  0 . 4 8 3 7 t  0 6  0.3855E 0 6  0.2689E 06  0.1932E 06 
AVERAGE L =  1.2OCI R=.24991 
AVERAGE NUPdER C t N S I T I E S  FOR DIFF S 
INCRTHERN HER1 SPHERE 
0.7400E 0 6  0,6498E 0 6  0 . 5 1 8 4 t  06  0.3469E 0 6  0.2312E 0 6  
AVEHAGE L =  1.200 8=.24992 
AVERAGE hiUM6Ed C t h S I T I E S  FUR D I F F  S 
SCUTHEKN HEMISPHERk 
C.1125E 09 0.8896E 0 8  0.6733E 0 8  0.4849E Ob 0 . 3 8 6 l E  0 8  
AVkKAGE L =  1.200 0=,23952 
AVtRAGE RliFLEER CtXSITIES FOR DIFF S 
NCQTHERY HEMISPHERE 
0 . 6 3 7 3 t  O b  0.543dE 0 6  0 . 4 1 6 0 t  0 6  0 .2608E 0 6  0.1634E 0 6  
A V E ~ A G E  L =  1.200 ~ = . 2 3 9 4 a  
AVtQAGE hUML3EK DthSITIES FOR OIFF S 
SCUTHEYN HEF’I SPHEQE 
0.1122E 0 8  0 . 1 0 1 8 t  0 8  0.904YE 0 7  0.7866E 0 7  0 - 7 1 3 1 E  0 7  
AVEHAGt L =  1.200 0=.22940 
AVERAGE NUNEER D E N S I T I E S  FO9 CIFF S 
UGRTHE7N HEPISPHESE 
0.5508E 06 0 .4563E 0 6  0 .3357F O h  0 . 1 9 7 6 E  0 6  0 .1166E C6 , 
AVtKAGE L =  1.200 8=.22938 
AVEiiAGE NUWBE2 U E N S I T I E S  FOR D I F F  S 
SOUTHERN HEPISPHERE 
C.166bt  07 0.163bE 0 7  0.1594f 0 7  0 . 1 5 3 6 t  0 7  0.1496E 0 7  
AVERAGE L =  1.200 8 = . 2 1 9 7 9  
AVERAGE NUMBER C E h S I T I E S  FUR D I F F  S 
N0RTHE;lN H E M I S P H r R t  
0.4790E 06 0.3869E 06 0 . 2 7 3 5 6  0 6  0.1516E 0 6  0 - 8 4 S 9 E  0 5  
. -  
AVERAGE L =  1.200 B=.21980 
AVERAGE NUMBER CENSITIES FOR D I F F  S 
SOUTHERN HEMI SPHERE 
0 - 8 1 4 4 E  06 0 - 7 6 4 2 E  06 0 - 6 9 3 6 E  06 0 - 6 0 3 1 E  06 0 - 5 3 9 0 E  06 
AVkRAGE L= 1.200 B = - 2 0 9 7 0  
AVERAGE NUMBER D E N S I T I E S  FOR D I F F  S 
NORTHERN HEMISPHERE 
0.4136E 06 0.3249E 06 0.2207E 06 0 - 1 1 5 1 E  06 O - 6 O 6 l E  05 
AVERAGE L= 1-200 B=.20971 
AVERAGE NUMBER DENSITIES FOR D I F F  S 
SOUTHERN HEMISPHERE 
0 - 6 1 8 9 E  06 0.5489E 06 0.4559€ 06 0.3416E 06 0.2637E 06 
AVEAAGE L =  1,200 B=.L8974 
AVERAGE hUMBER CEWSITIES FOR D I F F  S 
NORThERN HEMI SPHERE 
0 - 3 1 1 6 E  06 0 - 2 3 2 5 E  06 0.1468E 06 OobE59E 05  0 - 3 2 6 0 t  0 5  
AVERAGE L =  1.200 3=,18975 
AVERAGE NUMBER CERSITIES F O 3  G I F J -  S 
SCUThERN hEMISPHE9E 
0 - 3 8 1 8 E  06 0.3026E 06 0.2112E 06 0 - 1 1 7 9 E  06 0 - 6 7 9 0 E  05  
. .  
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2. Tape 1 0  
a. Output card description 
Columns Mode Quantity 




















earth radii averaged magnetic field line 
gauss magnetic induction 
- constituent name 





atoms/cm3 den 1 1  
I 1  1 1  I I  
I 1  I 1  I t  
1 1  1 1  I 1  
- constituent name 
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H. Running Time 
An allowance of 8 seconds for each B-L line will give a close estimate of 
the running time for this program. 
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IV. LAMBDA PUNCH 
A. Introduction 
This program takes the cards from the longitudinal averaging processor . .  
and punches the latitude in degrees on every B-L card. This value is necessary 
in the execution of the "bounce" average calculation. 
Computing the latitude is done by the method of false position using the 
equation. 
B Y -  M 1 4 - 3 ~ 0 ~ ~  X 
r," L3 cos6 A 
where M is the earth's magnetic dipole moment, re is the radius of the earth 
and A is the latitude. B is traded to the right hand side of equation (1) and the 
resulting function is evaluated for zero at a fixed B and L: 
- B  M ) / 4 - 3 c o s z A  
r i  L3 cos6  A 









counter to eliminate repetition in 
computation 
L counter - 
counter to determine whether a partic- 
ular L is the first L considered - 
conversion factor - radians to degrees 





N P T  
BL(J 
B(I) 














radius of the earth (6378.16 x l o 5 )  cm 
the earth 's  magnetic dipole moment 
(8.1 x 
radius of the earth cubed 
gauss cm3) divided by the 
gauss 
count of the number of B ' s  to a given L - 
Jth magnetic field line earth radii 
Ith magnetic induction for a given L gauss 
longitudinally averaged number densi- 
ties for  the five flux models and the 
Ith B. atoms/cm 
ratio of the upper limit on the latitude 
XLW2 to the lower limit on the latitude 
XLWl for the I th B. - 
B computed for the final latitude 
XLAMP(I) at B(1) gauss 
lower limit on the latitude radians 
11 upper limit on the latitude 
BFUNF computed for XLWl - 
- XLW2 11 I 1  
final selected latitude for  B(I) 
BFUNF computed for XLWl - 
radians / 
degrees 
latitude for the Ith B of the Jth L degrees 
temporary storage of XLAMP(J) radians 
the absolute value of TEST(K)/TEST(K-1) - 
temporary storage of final CKT(K) - 
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STAPT 
I T  = O  
L T  = 0 
KT = 0 
I - B  
I 
NPT B's latitudes and densities Stare latitudes for 
with constituent names BL(LT)  
Output BL(LT) with a l l  the 
NPT B's, latitudes, BCOM's 
put BL(LT) with a l l  the NPT B's 




&el EL1 = BL(LT) 
L T  = 1 
I T  = 1  
Setup constant 
E L  = BL(LT) 
BCOWJ) = O  
for J = 1, NPT 
C. Flow Chart  
16 
K = l  
I 
sign as A(J)? 
501 
I 
, -  
/ 
BCOM(J) 
SCKT(J) -&- = CKT(K) 
J - NPT 
- 
c - I 
J A 
YICju 
n .w u -- *
- c o  . 
o x .  9 3  
C J ?  J 
- - I  0 
--0 
n 3 .  3 
"9 N ,* . 
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Before the first card of a new L line section a counter card must be inserted 
in order to inform the computer of the number of B‘s connected with that L. 
F. Input 
There are three different cards in the input deck for this program. A coun- 
ter card is followed by the designated number of card pairs for each L line of 
every constituent. The card pairs consist of a B-L card and a density card in 
that order. These are the cards output from the longitudinal averaging processor. 































s s 1  
s s 2  




U n i t s  Description 
- B-L, density card pair counter 
earth radii magnetic field line 
gauss magnetic induction 
- constituent name 
atoms/cm3 density for flux model 1 
2 
3 
I 1  1 1  4 
” 5 
1 1  1 1  1 1  1 1  
I 1  11 1 1  1 1  
11 11 
I 1  11 1 1  I t  











































Output for this program occurs on logical tapes 3 and 5. Tape 3 contains 
the results of the latitude calculation. The counter NPT is printed along with 
L, B, A ,  BCOMP and the ratio RATIO. BCOMP is the new B computed by in- 
serting the values of L and A into equation (1). It should compare with the initial 
B. RATIO is the ratio of h to a former value of the latitude computed in the 
intermediate steps. It is the same as SCKT (refer to the mnemonics listing). 
RATIO should be within .0001 of unity. 
Tape 5 contains the same data that was input on tape 2 with the exception 
that latitudes were added. This tape is punched and used as  input for  the "bounce" 
aver age calculation. 
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1. Tape 3 Sample 
hPT L B LA P'B L)A I3 C G M P .  d A T I l 1  
4 
1.142CO 0 . 2 3 b 9 0  9 0 8 3 6  0.2389COCE-00 0 o 1 0 0 U 0 0 9 E  0 1  
1 . 1 4 2 C O  0 . 2 2 7 3 8  7,7413 0 - 2 2 7 3 6 0 0 t - 0 0  O . l 0 O O i ) 3 4 t I  0 1  
1.1420O 0.23465 9.129 0.2346499E-OCI C . l C O U ( 5 3 9 E  0 1  
1.1 42 2 0 0 . 2 19 6 B b - 6 6 7  0 .2196800 t -00  0.1C00023t  0 1  
78 
hPT t €3 
7 
1.17005 0123991  
1.17C04 0.23467 
1 - 1 7 G ; 3 >  0 1 2 2 9 5 6  
1,17005 0.11976 

























0,1000025f 01  
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2. Tape 5 
a. Output card description 
Columns Mode Quantity Units Description 
Counter 1-2 I NPT - B-L-A and density card pair 
Card counter 
B-L-h 1-8 F EL earth radii magnetic field line 
Card 9-16 F B gauss magnetic induction 
17-24 F XLAM degrees latitude 
73-80 - - - constituent name 
Density 1-12 E SS1 atoms/cm3 density for  f lux model 1 
I 1  1 1  11  11 2 
1 1  I 1  I 1  11 
l 1  3 
4 
5 
25-36 E ss3 
37-48 E SS4 
49-60 E ss5 
73-80 - - - constituent name 
11 11 I 1  I 1  




H. Running Time 
This program will take close to a minute for every two L lines evaluated. 
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V. "BOUNCE" AVERAGE CALCULATION 
A. Introduction 
The "bounce" average of the number density is defined ( ) by the equation 
- S 
P =  p ds 
s 
In other words, for a given mirror  point A, and a given field line L, the '%ounce" 
average of the number density is the average number of atoms/cm3 that a parti- 
cle encounters while spiraling about afield line from the northern to the southern 
mir ror  points (see Figure 5). The earth is assumed to be a dipole. This gives 
symmetry to the magnetic field, permitting the integrals in equation (1) to be 
evaluated over a fourth of a complete oscillation (see page 189, reference 1, 
for a discussion of the motion of trapped particles in a magnetic field.) 
The output from the lambda punch becomes input to this program. Results 
a r e  printed and punched for  use in later programs. Subroutine TABLE is in- 
cluded to interpolate (extrapolate) the density table to supply the appropriate 
density at any latitude specified by the main program. 
B. Equations 
To calculate equation (1) we project the element of a rc  length ds onto the 
field line L. Next we eliminate L from the equation and use the dipole 
representation 
to express B in terms of A. This gives the "bounce" average 
latitude for a given field line as 
weighted over 
83 
Jo RHOAV = 
Jo  
where the "weighing" factor is 
I 
c o s 4 h  1 4  - 3 cos 'h  A(h) = 
\ ,  dcos6' i x o  - cos6ho  1/4-3cos2h 
This factor allows fo r  the fact that particles spiraling about the field line s tay 
longer at the mir ror  latitudes A, (see page 189, reference 1 ,  for a complete 
treatment of the derivation). Figure 6 is a plot of A(h)  versus h for  different 
mir ror  latitudes. Since A(X) becomes undefined 
into two cases: 
at A, we divided equation (3) 
2 h  p(h)A(X)dh t 
J o  RHOAV = 
h0-2h  
Next we designate the square of the denominator of A(X) by q(h). Expanding 
about A, by Taylor's series gives us  
where q( ) ( Ao) is the i t h  derivative of q evaluated at A,. To approximate the 
infinite series we define 
S(A) =SLAMF(A, io) z - ( A  - A o ) i - l  
84 
where the minus sign is inserted in order to avoid the square root of a negative 
number. In the program we let SILAMF(A,Ao), S2LAMF(A, A o )  and S3LAMF 
(A, A, ) represent the first, second and third terms of SLAMF( A, A,) respectively 
and we define 
c o s 4 A  1-A 




which are linearly approximated by the equations 
16 
15 
ADDNUM = fi p (X,)WLAMF(A,, A,) + - p(A,-h)WLAMF (Ao- h, ho) 
1 2 1 5  + - ~ ( h ,  - 2h) WLAMF (Ao- 2 h  A,,) 
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respectively. The final step is to integrate by Simpson's rule(6)  and add on 
ADDNUM and ADDDEN to get the correct density p. 
Additional equations used in this program are listed below: 
MONEF(X) = 3cos4As i n  2h  the first derivative of BBBF(A) used in computing 
SlLAMF(X, A, ) 
15 
2 
MTWOF(h) = - ( c o s  h s i n  2 A ) 2  - 6 cos6h  the second derivative of BBBF(A) 
used in computing SBLAMF(A, A, ) 
MTHRF(h) = 48 cos4h s i n  2h - 15 s in32A the third derivative of BBBF(A), 
used in computing S3LAMF( h,X,) 
ETAF(h) = 10 cos  2X - 3 s i n 2  2 A  - 6 c o s 2  2A a factor which appears in 
the second and third deriv- 
atives of AAAF(A) 
3 s i n  2 X  NONEF(A) = the first derivative of AAAF(A) used in computing 
SlLAMF(h, ho) .  
the second derivative of AAAF(A) used in 
computing SBLAMF(X, A,). 
3 ETAF(X) 
4(4 - 3 C O S ~ A ) ~ / ~  NTWOF(X) = 
9 ETAF(A) s i n  2 A  
3 -20 s i n  h - 6 s i n  4h - 
4 
4 - 3 cos2X NTHRF(X) = -  the third derivative 
of AAAF(A), used in 
computing S3LAMF 
(4 - 3 C O S ~ X ) ~ / ~  
( A ,  io) 
WGTF( A, A, ) the  designation for A( A) when integrating by Simpson's rule 
ALAM the value of the denominator in equation (3) but without equation (5) 
RHOAS 
BSUBO 
the value of the numerator in equation (3) but without equation (4) 

















Conversion factor - degrees to radians 
Conversion factor - radians to degrees 
radius of the earth, 6378.165 x lo5 cm. 
earth's magnetic dipole moment, 8.1 x 1OZ5gauss 
cm3, divided by the radius of the earth cubed. 
number of partitions in Simpson's rule 
counter of the B's for  a given L 
first six letters of constituent identification name 
remaining two letters of constituent identification 
name 
magnetic field line L 
I t"  magnetic induction for a given L 
(a) the first time this designation is used it 
represents the longitudinally averaged density 
for  the I t h  solar flux model and the J t h  magnetic 
induction 
(b) the second time this designation is used it 
represents the log of the densities in (a) 
line counter for  output on tape 3 
storage of the smallest available latitude 
latitude in radians, sorted in decreasing order 


























D ENB (K) 
mirror latitude h o  
density for Ith flux model at mirror  latitude 
integration interval h for Simpsonts rule 
" bounce' average density 
ratio of density at mirror  latitude to density 
RHOAV 
density at mirror  latitude 
temporary storage of "bounce" average density 









D. Flow Chart 
1. Main Program 
STAR1 
countel NPT and 
1103 
Conpie ADDDEN 1 
I Simproo's Rule fa model K I 
Conprle RHONUM 





fa model K. -- for model K 
RHONUM. RHODEN. and mird bm of 
Y l.1 for aodei K 
K = K + l  
LCNT = LCNT + 1 





Input from main program the flux 
model K, latitude A, the table of 
density logs SS, the counter 
NPT, and the table of 
latitudes XLAMW(1) to XLAMW(NPT) 
in decreasing order. 
2. Subroutine TABLE 
Compute 
SS(K, J-1) -SS(K, J) DEL(J) = 
XLAMW(J-1) - XLAMW(J) 
for J =2, NPT 
YA = SYK, NPT) T 
KK = 2  K K = K K t l  
1 I 
YA = SS(K, KK-1) - DEL( KK) 
*(XLAMW(KK-1) - h) 
.1 57 
YA =SS(K, KK) 
. 75 
YA = SS(K, NPT) - DEL(NPT) 
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r n  
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u 2  L' U v 
94 
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- -  
The input to this program are simply the cards output from the lambda 
punch. Each constituent can be run separately o r  they can all be run at the same 
time. Any number of L lines may be run also. A counter card must state the 
number of points to each L line which is run. Counter cards are  included in the 
output from the lambda punch but they must be corrected if the number of points 
per L line are changed before running this program. 







Columns Mode Quantity Units 
1-2 I NPT - 
1-8 F EL earth radii 
9-16 F B(I) gauss 
17-24 F XLAM(I) degrees 
73-80 - - - 
1-12 E SS(1,I) atoms/cm3 
13-24 E SS(2,I) I 1  
25-36 E SS(3,I) 1 1  
I 1  
1 1  
3 7 4 8  E SS(4,I) 
49-60 E SS(5,I) 
- - - 73-80 
tnput occurs on tape 2. 
Description 
B-L- h ,density card pair 
counter 









1 1  I 1  
1 1  I 1  
1 1  11 























c I I I I I  I l l  I I I I I I I I I  I I ' I l ' U "  
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G.  Output 
Output from this program appears on logical tapes 3 and 5. Tape 3 gives re- 
sults which are to be printed. Each page is devoted to a single L line for a 
specific constituent. Of the eleven columns which cross the page, the first con- 
tains the constituent name. This is followed by the value of L, the mirror lati- 
tude A, , the corresponding value of By the flux model number, the "bounce" 
average number density, the longitudinally averaged number density, the ratio 
of the longitudinally averaged number density to the "bounce" averaged number 
density, the value of ,"O p(A)A(X)  d h  , the value of J:O A(A)dA and the third 
term of SLAMF( A, + Zh, A,). All these additional values are included as an 
intermediate check on the process. 
Tape 5 contains the data to be punched. The counter card has been elimi- 
nated and all that remains a re  the B-L-A card and the "bounce" average density 
card with constituent names punched to the right of each card. 
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2 .  Tape 5 
a. Outuut card descriution 
Columns 
B-L- \ 





























D ENB (1 ) atoms/cm3 
D ENB (2 ) 
D ENB (3) 
DENB(5) 
I I  
1 1  
DENB(4) 1 1  
I 1  
Description 









1 1  I I  
11 I I  
I I  I 1  






























H. Running Time 
This program will take about twenty minutes for every two L lines if five 
constituents are run together. 
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VI. R, X CALCULATION AND FLUX ELIMINATION 
A. Introduction 
This program computes the atmospheric scale factor R and the atmospheric 
loss parameter 1. The scale factor is used in the next program in order to re- 
late the energy loss of the atmosphere with the measured energy loss data.(7) 
The atmospheric loss parameter appears in the calculation of the proton loss 
term of the conservation equation in the next section. Solar flux S is eliminated 
from both R and Z by subroutine ELIM. This subroutine logrithmically inter- 
polates Figure 9 to yield R and Z as functions of time rather than solar flux S. 
B, L , and h and the "bounce" averaged number densities are input to this program. 
B, L , A ,  R and ,X a re  output for use in the conservation equation calculation. 
B. Equations 
For a given B and solar flux mode1,the "bounce" average number densities 
of the five constituents are put together to form an average number of equivalent 
oxygen atoms/cm3 by the equation OXY = RH0/8 where 
and n (J) is the "bounce" average number density for the J* constituent. 
The scale factor R is given by the equation 
(OXYGEN ATOMS /CM3)ATMOS 
(OXY CEN ATOMS /CM3) NTP 
R(L,B, t) = 
where (oxygen atoms/cm3) ATMOS is OXY and (oxygen atoms/cm3) NTP comes 
from the following relationship of an ideal gas: 
22414cm3/Kmole = -60249 x atorns/Kmole 
o r  (oxygen atoms/cm3),,, = 2.69 x 10". Figure 7 is an example of the output 
from this program. It shows the time dependence of the atmosphere in terms of 
the scale factor R . 
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Sigma is given by the equation 
where LT(He)and ~ ( 0 )  are the interaction cross  sections of helium and oxygen 
respectively. Figure 8 again illustrates output from this program. It shows 
log e X as a function of time for various values of B at an L of 1.25 earth radii. 
C. Mnemonics 
Quantity Description 







HEl(N) , .  . ., HE5(N) 
01(N), . . ., 05(N) 
021(N), . . ., 025(N) 
AN21(N), . . ., AN25(N) 
counter of the number of B's  to a 
given L 
(oxygen atoms/cm3) NTP = 2.69 X lo1' 
~ ( o )  = .36 x 
magnetic field line L 
Nth magnetic inductionB for a 
givenL line 
latitude corresponding to B(N) 
helium fTbounce7f averaged densities 
for  B(N) and the five flux models 
oxygen "bounceff averaged densities 
for  B(N) and the five flux models 
molecular oxygen "bounce" averaged 
densities for B(N) and the five flux 
models 
nitrogen "bounce" averaged densities 











a toms /c m3 
atoms /c m3 
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Quantity Description Units 
H1 (N) . . . H5(N) hydrogen "bounce" averaged densities 
for B(N) and the five flux models atoms/cm 
RHOl(N), . . .,RHO5(N) RHO for B(N) and the five flux models 
(see equation on page 105) atoms/cm3 
OXYl(N), . . .) OXY5(N) OXY for B(N)and the five flux models 
(see equation on page 105) atoms/cm3 
SIGl(N), . . .) SIG5(N) atmospheric loss parameter 1 for 
B(N) and the five flux models atoms/cm 
RATl(N). . . .) RAT5(N) scale factor R for B(N) and the five 
flux models 
LCNT counter to notify subroutine whether 
it is working with R or Z 
ARGl temporary storage of RAT1 o r  SIGl 
depending on LCNT 
depends on 
LCNT 
ARG2 temporary storage of RAT2 or SIG2 
depending on LCNT 
depends on 
LCNT 
ARG3 temporary storage of RAT3 o r  S I C 3  
depending on LCNT 
depends on 
LCNT 
ARG4 temporary storage of RAT4 o r  S I C 4  
depending on LCNT 
depends on 
LCNT 
ARG5 temporary storage of RATS or  S I C S  




D. Flow Char t s  





Input L with its N P T  B's 
and latitude and the 
densities for all  constituents 
(Tape 2) 
I 
Compute the equivalent 
oxygen densities OXY 
l-7 Compute Zand R 
1, R (Tape 3) 
Output B, L a n d  h 
(Tapes 3, 5) 
ARG 1 = Rl(N)  
ARGZ =R2(N) 
ARG 3 =R3(N) 
ARG 4 = R4(N) 
ARG 5 = R Y N )  
Call E L M  for R (r> 
A R G l  = Z l ( N )  
ARGZ = 1 2 ( N )  
A R G 3  = Z 3 ( N )  
A R G 4  =Z4(N) 
A R G 5  =Zg(N) 
Call E L M  for Z 
N = N t l  I C 
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2. Subroutine Elim. 
START 
Input ARG1, ..., ARG5 
from main program 
Set up solar flux vs. 
Timetables 
Set up tables of the 
logs of ARGI ,  ..., ARG5 
I I 
.1 
K = I  
Interpolate at time K < 
1 m Output time, solar flux, R and 
log eR or Z and log e 2 
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Input to this program are the "bounce" average density cards together with 
the B -L- h cards output from the last program. The cards are rearranged by 
L line rather than by constituent as they have been arranged in previous programs. 
A counter card must again be inserted in order to inform the computer of the 
number of card pairs per constituent for a ,given L- line. All  input is on tape 2. 
For a given L-line the constituents m u s d  in the following order: 
(1) helium, 
(2) oxygen, 
(3) molecular oxygen, 
(4) nitrogen, 
(5) hydrogen. 
































N P T  
EL 
B 









B-L-h and density card 
pair counter 
earth radii magnetic field line 
gauss magnetic induction 
degrees latitude 
- constituent name 
atoms/cm3 density for flux model 1 
density for flux model 2 
density for flux model 3 
density for flux model 4 
density for flux model 5 
1 1  
? ?  
? ?  
V I  
- constituent name 
*All 0.f the five constituents use the same card format here. Therefore the quantity on a given 
density card (HE 0, 02 N2 or H) will depend on the constituent name listed in columns 73-80 
























Output for  this program occurs on tapes 3 and 5. Tape 3 contains two 
groups of data for each L. The first group lists the values of R Z and OXY as 
functions of position and flux model. The second group contains R,  log, R, 1, 
log, Z and solar flux as functions of position and time. 
On tape 5 is the data to be punched for use in the conservation equation cal- 
culation. Each B-L-A card is followed by two R cards which are followed in turn 
by two Z cards. 




L A T =  8.9730 L= 1.1420 e= L1.2 3 3 8 
' I H E  SclLAQ LLIG LIF 
Y R S )  F L U X  &?AT I U 
0 70.00 -3.1336>F 0 2  
1 75.00 -0.17400E C2 
2 130.00 -0.17706E 02 
3 2 5 0 . 0 0  -0.10977c 02 
4 250.00 -0.200 1 2t 37 
5 220.00 -0.139oOE 02 
6 155.00 -0.19885t 92 
7 140.00 -0.1374Yt 3 2  
8 105.00 -0.19597E 3 2  
9 9 9 - 0 0  -3.17>Jbt 32  
10 75. uo -0.1340CC 5 2  
11 70.0c -0.17362t 32 

























0 . 5 i h i j l E - 1 4  
3.57570k-14 




0 , 1 3 9 5 7 ~ - 1 0  
0.1?Q63t-10 
iJ. l " 434E-10  
0.857 74k-11 
O . b Z D 3 6 t - 1 1  
3 . 4 4 3 H l t - 1 1  
0.3583hE-11 
11-29 862 t - 1 1 
0.2785Zt -11  
' I M E  













T i k E  













S O L A R  
FLUX 
7 0 . 0 0  
72.00 
1 3 3 . 0  0 
233.fi3 
Z>,u.OO 







8 ) .  3 7 4 4 1 C - 1 3  
9. 't 2 4 5 5 t - 1 3 
0 . 1 7 5 7 7 t - 1 2  
0 . 4 1 7 7 2 E - 1 2  
0 . 4 5 0 b 9 E - 1 2  
0 . 3 3 5 5 1 E - 1 2  
0 . 1 6 3 8 2 E - 1 2  
~ . H 7 1 7 0 L - - 1 3  
0.6 1 8 9  7 t - 1 3  
0 . 4 7 4 5 5 ~ - 1 3  
0 .374  'tl t-13 
o. 67 6 4  9r - 1 2  
0.56 3 2 7 E - 1 9  
0 . 6 3 3 9 5 F - 1 3  
0 . 1 9 3 5 6 k - l b  
0 . 6 9 0 6 7 E - l b  
:I. 8 4  0 6 4  E - 1 8 
0 . h 2 6 0 4 k - 1 8  
0 . 4 2 6 1 3 t - 1 8  
0 . 2 3 3 5 9 t - l b  
0 . 1 2 4 3 5 k - 1 8  
0 . 9 0 3 7 8 C - 1 3  
0 . 6 3 3 9 5 t - 1 9  
0 . 5 6 3 2 7 t - 1 9  
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- 1  
L A T =  2.9730 L =  1.1470 n= 0,2121 
'IME S U L A S  L U G  LJF 
Y R S l  FLUX ? A T I D  
0 70.00 -0.3383Yt 02  
1 7b.03 -0.33692E 02 
2 130.03 -U.32293E 0 2  
3 230.00 -0 -  3J636t  0 2  
4 250.00 -2.33374t 02 
5 220.00 -0.5P767E 32 
6 185  00  -0-31273,E DZ 
7 140.00 -0.32069t 02 
8 105.C3 - 0 . 3 2 6 5 5 ~  02 
10 75.00 -0.3363ZE 0 2  
9 90.00 -0-33257t  32 
11 70.00 -5.33f33nt 0 2  
T I  ME 













? A T I O  
S I G M A  
125 
' I P E  













j I S '* A 
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2. Tape 5 
a. Output Card Description 
































































I 1  
11 
I 1  
I 1  
I 1  
latitude 
magnetic field line 
magnetic induction 
R for time 0 
R for time 1 
R for time 2 
R for time 3 
R for time 4 
R for time 5 
R for time 6 
R for time 7 
R for time 8 
R for time 9 
R for time 10 
R for time 11 
Z for time 0 
.X for time 1 
Z for time 2 
Z for time 3 
for time 4 
X for time 5 
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Columns Mode Quantity Units 
2nd Z 1-10 E W 7 )  atoms /c m 
Card I 1  11-20 E W 8 )  
21-30 E XS(9) 
3 1-40 E XS(10) 
I 1  
I 1  
E XS(11) II 41-50 
1 1  51-60 E W 1 2 )  
This five card group is repeated for each new B and L . 
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Description 
Z for time 6 
Z for time 7 
1 for time 8 
X for time 9 
Z for time 10 






H. Running Time 




i - -  
* .  
VII. CONSERVATION EQUATION CALCULATION 
A. Introduction 
This program studies the build-up of proton density by use of the conserva- 
tion equation (see equation (1)). Several lines of action are available. Either a 
transient o r  a time-averaged steady state solution can be calculated for any of 
15 desired energy levels without altering the program. 
In the transient steady-state solution the conservation equation is integrated 
as a function of time for a particular energy level until maximum and minimum 
values of the densities start repeating from one solar cycle to another. At  this 
point the cycle number is recorded together with the time of the maximum and 
minimum densities. These values a r e  printed with the maximum and minimum 
density and flux values as well as with the ratio of the maximum flux to the min- 
imum flux. Jn addition, when calculating the transient steady-state solution, one 
may have the time history of any one of the energy levels printed on tape 5 with 
as many points as desired. 
In the time-averaged steady-state solution the condition dNp/d t = 0 yields a 
density equation for density N, which is solved using the relative neutron source 
strength 
averaged over time for this solution of the conservation equation. 
together with Z and R from the last program. . Al l  these values a re  
Three subroutines assist the main program: subroutine RUNGE is used in 
integrating by the Runge Kutta technique, subroutine DERIV is used to evaluate 
dNp/dt for a given t and N, and subroutine TABLE interpolates any given table 
either logarithmically o r  linearly. 
B. Equations 
The form of the particle conservation equation used for the study of the 
proton population as a function of time is given by 
dN 
d t  - O -  
13 1 
where g ,  d 
N P  = density 
, @ and Z a r e  the quantities to be supplied and where: 
d x  dE 0d x  
B 
C ,  = A o / L 2 E  O c o s 4  A, 
E =Energy 
A , ,  . . . , A ,  = high o r  low energy conservation equation coefficients depending on 
whether E > 80 MeV. o r  E 5 80 MeV. respectively 
?I 1 1  1 1  1 1  I 1  I 1  I 1  ? I  II I 1  I t  ?I B o , .  . . ,B,= I '  
A ,  = mirror  latitude 
The condition dNp/dt=O yields the equation for the time averaged steady 
state proton density: 
N =  
P 
d ("E) A,,',.] c o s 4  A, 
L 2 E B o  [ .  EB (g) + A 2 E B 2  d E d X  
where @ ,  Z and the scale factor R used in calculating dE/dx and d/dE ( d E / d x )  
are all averaged over time. 
The density NP gives a flux by the equation: 
F l u x = 2 C 2 N p  = N P V  
where v is the neutron velocity factor. 
132 
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C. Mnemonics 
Quantity Description 
TIME (J) Abscissa of time in increments of years for 
12 years 
dE/dk corresponding to E(J) (see Figure 11) ELOSS(J) 
E (J) energy corresponding to ELOSS(J) ' l  
CONVM 
ALO 
conversion factor - months to seconds 
A 0  for E i 80 MeV. (see page 130) 
A 1  1 1  11  AL1 
11 11  AL2 A ,  ' l  










11 11  11  
A 1  
11 11  11  
Bo for E 5 80 MeV. (see page 130) 
11 11  11  
B l  
11 11  B, l 1  
B o  for E > 80 MeV. (see page 130) 




11 11  
d(dE/dx)/dE corresponding to DE(J) 
(see Figure 12) 
energy corresponding to DELOSS(J) 
















Qu;iii t i ty 
PRE L ( J )  
=\\'PRL 


















D e  s cl rip tioii 
+ for TIT\IE(J) (see page 130 and Figure 11) 
siiiiple average of PREL( l ) ,  .... PREL(12) 
mirror latitude \ ,,
magnetic field lineL 
magnetic induction B 
conversion factor - degrees to radians 
ALAT in radians 
cos4(ALATO) 
L 2  
atmospheric scale factor R for TIMEfl) 
atmospheric loss parameter Z for TIMEfl) 
initial density NPo for integration 
initial time to for integration 
integration interval for ICSUBO 
integration interval for all other cycles 
end limit on integration 
initial energy level subscript 
increment for energy level subscript 
final energy level subscript 
subscript of energy level whose time history 







































a control factor for the time history print on 
tape 5. Density and flux are given for every 
NPFUNT increments in time. (See Restriction 
(1)). 
initial cycle number corresponding to EN0 and 
TSUBO 
sum of R(l),  ..., R(12) 
simple average of R(1), ..., R(12) 
sum of SIG(l), ..., SIG(12) 
simple average of SIG(l), ..., SIG(12) 
time 
time of an eleven year cycle - 132 months 
time check to see if TEND has been reached 
increment in time 
cycle number 
maximum density for cycle J 
minimum density for cycle J 
time at EMAX(J) 
time at EMIN(J) 
subscript to indicate the energy level which is 
under consideration 
energy level M under consideration 
test value to see if the energy level under 
consideration is to have its time history 




































temporary storage of ELOSS(M) 
temporary storage of DE(1)) ..., DE(15) 
temporary storage of DELOSS(l), ..., 
DELOSS(15) 
(dE/dx) X R(J) for energy ENER 
(d(dE/dx)/dE) x R(J) for energy ENER 
temporary storage of ALO or  AH0 
temporary storage of AL1 o r  AH1 
temporary storage of AL2 o r  AH2 
temporary storage of BLO or BHO 
temporary storage of BL1 o r  BH1 
temporary storage of BL2 o r  BH2 
conservation equation coefficient 
(see page 129) 
conservation equation coefficient 
(see page 129) 
conservation equation coefficient 
(see page 129) 
temporary storage of ALOSSA(J) 





MeV. /c m. 
cm-1 
# protons 








M ev. /c m. 
cm-1 
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Description Quantity Units 




FLUX proton flux 
N P  counter of the increments in time; used as a 




counter of the number of prints on tape 5 
proton density NP 





test to see if steady state has been reached 
test to see if steady state has been reached 




FLPRl f lux for EPRl 
TPRl 
EPR2 
time of EPRl 






FLPR2 flux for EPFE 
, 
. - -  TPR2 
RATIO 
time of EPR2 
ratio of FLPR2 to FLPRl 
months 
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D. Flow C h a r t  
1. Main Program 
Output ElMI. 
A. L. B. CYCLE 
Adiml EMAX. ETMAX 
EMlN and ETMlN 11 
"ecelsay 
13 8 
2. Subroutbe RUNGE 
START 
Call deriv for dN/dt 
at t and Np 
K1 zdN X A t  
dt 
dN K3 z d t  X A t  
tl = t  tnt 
Npl  =Np t K 3  
I 
dN K4 zdt X A t  
TA =t  +At 
RETURN Y A  =Np +ANp A N p  '(K1 t 2K2 
t 2K3 t K4) 6 
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3. Subroutine DERIV 
START 
A , 
Convert time table to X 
table and PREL table 
to Y table 
Input time, PREL, 
ALOSSA, DLOSSA, and 
SIG tables from common Input T and EN 
Call table to interpolate \ 
and get 0 for time T w 
Convert ALOSSA 
table to Y table 
3 
Call table to get scaled 
value of dE/dx at time T 
Convert DLOSSA 
table to  Y table 
I 
Cal l  table to get scaled 
value of d(dE/dx)/dE 
at time T 
Compute dN/dT u 
P G U A  RETURN I/ U L 
Convert SIG table 
to Y table 
sing EN, 
t iv \ / r lC 
aiiu L. 1 
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4. Subroutine TABLE 
YANS =exp (ANS) 
. .  
YANS =ANS 
- 
. - -  
START 








interpolate to get 
value ANS corresponding 
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E(l)  = 1 0  Mev E(6) = 125 Mev 
E(2) = 25 Mev E(8) = 150 Mev 
E(3) = 50 Mev E(8) = 200 Mev 
E(4) = 75 Mev E(9) = 250 Mev 
E(5) = 100 Mev E(1O) = 300 Mev 
(1) 132/(NPFUNT X DT1) must be less than 5000 in order that T5, E5 and 
FL5 subscripts do not exceed their dimension specifications. 
E(11) = 350 MeV. 
E(12) = 400 MeV. 
E(13) = 500 MeV. 
E(14) = 600 MeV. 
E(15) = 700 MeV. 
(2) IEEND cannot exceed 15 since the table of energy levels contains only 
15 values (see energy level table below) 
- -  
G. Input 
_ -  
Input to this program consists of five data cards and four control cards for 
every B-L line considered. The data cards are those output by the preceeding 
program. The control cards are those that handle the selection of the many 
available calculations in this program. The first control card contains the ini- 
tial density (END) and the initial time (TSUBO) for integration. The second 
card contains the integrztim hterval for the first cycle (DT1j3 the integration 
interval for all other cycles (DT2) and the end limit of integration (TEND). 
Setting DT1 equal to zero will give a time averaged steady state solution of the 
equation. The next control card defines the energy level(s) to be used. It gives 
the initial energy level subscript (IEST), the increment in energy level sub- 
scripts (IEDEL) and the final energy level subscript (IEEND). Energy levels 
are as follows: 
Note that IEST, IEEND and IEDEL must be greater than zero and that IEND 
cannot be greater than 15. The fourth control card contains three numbers (1) 
IEPR is the subscript of that energy level whose time history is to be printed 
on tape 5. If IEPR = 0 then no time history will be printed. (2) NPRINT tells 
the computer how often to print density, flux and time values on tape 5 if 
IEPR # 0. Values will be given for every NPRINT increments in time. How- 
ever, if 132/(NPRINTXDTl) is greater than 5000 the computer will print an 
e r r o r  message and go on to the next case. This is done in order to prevent 
time, energy and flux subscripts from exceeding their dimension statement 
capacities. (3) ICSUBO is the cycle number at  initial density (ENO) and initial 
time (TSUBO). ICSUBO is always greater than o r  equal to 1. All input occurs 
on tape 2. 
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1. Input Card Description 
Columns Mode Quantity Units 
Card 1 1-8 
9-16 
17-24 









































magnetic field line 
magnetic induction 
scale factor R for TIME(1) 
scale factor R for TIME(2) 
scale factor R for TIME(3) 
scale factor R for TIME(4) 
scale factor R for TIME(5) 
scale factor R for TIME(6) 
scale factor R for TIME(7) 
scale factor R for TIME(8) 
scale factor R for TIME(9) 
scale factor R for TIME(10) 
scale factor R for TIME(11) 
scale factor R for TIME(12) 
SIG(1) atomdcm atmospheric loss parameter Z 
SIG(2) atomdcm atmospheric loss parameter Z 
SIG(3) atoms/cm atmospheric loss parameter Z 
SIG(4) atoms/cm atmospheric loss parameter Z 
SIG(5) atoms/cm atmospheric loss parameter 1 










- -  
Card G 
. 













































5 w 9 )  
SIG(10) 
SIG( 11 ) 
SIG(12) 











levels in INPUT. 
Units Description 
atoms/cm atmospheric loss parameter 2 
atoms/cm atmospheric loss parameter .X 
atoms/cm atmospheric loss parameter 1 
atoms/cm atmospheric loss parameter Z 
atoms/cm atmospheric loss parameter Z 







# protons/ initial proton density 
months initial time 
cm3 
months first cycle integration interval 
months remaining cycle integration 
interval 
months limit of integration 
- initial energy level subscript* 
- energy level subscript incre- 
merit* 
- final energy level subscript* 
- subscript of energy level to be 
printed on tape 5 
- print on tape 5 after so many 
increments in time 
























































Output from this program exists in several forms. First of all there is the 
output from the transient steady-state solution. In this solution there are  two 
pages of printout for each case (each B-L line considered). The first page 
merely lists the input with explanatory headings. The second page lists each 
energy level and the cycle number at which steady-state was reached for that 
energy level. It also gives the maximum and minimum density and flux for that 
cycle with the times at which they appear within the cycle. Finally it lists the 
ratio of the maximum to the minimum flux. If, for any energy level, the absolute 
value of the minimum flux becomes greater than 50,000 protons/cm* sec. mev. 
then the program will ask that a smaller integration interval be used and go on 
to the next case. On the other hand, if  the ratio of the maximum to the mini- 
mum flux becomes less than 1.09 for any energy level the program will neglect 
all higher energy levels and pass  on to the next case since there will be no 
solar cycle variations in higher energy levels. This output occurs on tape 3. 
The time-averaged steady-state solution has the same output with the ex- 
ception that on the second page for a given B-L line $, F, dE/dx and d/dE 
(dE/dx) are  printed along with the flux and density for each energy level. 
Time histories for energy levels are printed on tape 5 if requested during 
the steady-state solution. Here time, flux and density are  printed for each 
cycle at the intervals indicated by NPRINT. See figure 13 for an idea of the 
results to be expected from the transient steady-state solution. Figure 15 shows 
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I.  Running Time 
Transient steady-state solutions where DT1 = .5 and DT2 = 1.0 will cover 
eleven cycles per minute. See figure 14 for  an idea of how many cycles are 
necessary to reach steady-state for  various B's at an L of 1.25 earth radii. 
Runs requesting a time history print on tape 5 take about twice as long. 
Time averaged steady state solutions take about a quarter of a minute for  
each B-L line. 
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VIII. STEADY-STATE CALCULATION 
A. Introduction 
This program evaluates the solar maximum and solar minimum steady 
state conditions of the conservation equation. That i s ,  with dN,/dt set equal 
to zero, the flux and density are studied at solar minimum (time = 0.0 years, 
see Figure 1) and solar maximum (time = 4.0 years). The mean lifetimes of 
the protons are also calculated as well as dE/dx, d/dE(dE/dxj, the three coef- 
ficients of the conservation equation Coy C, and C, and the source and loss 
terms. This is all printed together with the appropriate Z for a given B, L, h 
and energy level. All 15 energy levels of the preceeding program are evaluated 
for  each B and L.  
B. Equations 
The equations used in this program are listed below: 
LOSS = YY = - AI *P ~ ) + A 2 N p E B 2 ~  d (&- )+A,NpEB2Z dE 
EB' 
MEAN LIFETIME = TAU = NP/XX 
FLUX = FLUXP = N,(EXT)E~*C = N,PC = N,V 
AOQ 
DENSITY = EN1 = 
L2EBo cos4Ao 
where C = speed of light 
= PREL = relative neutron source strength 
1 = SIG = atmospheric loss parameter 
16 9 
A,, . . . , A, = high or low energy conservation equation coefficients depend- 
ing upon whether E > 80 MeV. o r  E 5 80 Mev respectively 
B , . . . , B = high or  low energy conservation equation coefficients depend- 
ing upon whether E > 80 MeV. or  E L 80 MeV. respectively 
A,, = Mirror latitude 
N P  = proton number density 
v = neutron velocity 
p = v / c  
EXT = ,B/EBZ 











Des c riDtion 
abscissa of time in increments of years for 
12 years 
dE/dX corresponding to E(J) (see Figure 11) 
energy corresponding to ELOSS(J) 
(see Figure 11) 
A, for E 5 80 MeV. (see preceeding page) 
A, I 1  1 1  
A2 
I 1  1 1  1 1  
A, for E > 80 MeV. (see preceeding page) 
A, I 1  1 1  
A2 















Quantity Des  c i-iption 
BLO Bo for  E 1 SO &lev. (see preceeding page) 
1 1  1 I  I? 
B L1 Bl 
B L2 B* 
1 1  1 1  I 1  
BHO Bo for  E S O  Mev. (see preceeding page) 




DELOSS(J) d(dE/dX)/dE corresponding to DE(J) 
(see Figure 12)  
DE(J) energy corresponding to DELOSS(J) 
(see Figure 12) 
PREL(J) @ for TIME(J) (see Figure 11 and 
page 167) 
CONVR conversion factor - degrees to radians 
ALAT mirror latitude A, 
EL magnetic field line L 
B magnetic induction B 
R(J) atmospheric scale factor R for TIME(J) 
SIG(J) atmospheric loss parameter 1 for TIME(J) 
ALATO A U T  in radians 
SVPR temporary storage of PREL(1) 











years t time 
17 1 
Quantity Description 
M energy level subscript 
ENER energy level E(M) 
ALOSS dE/dX for E(M) 
X(k) temporary storage of DE(k) 
Y(k) temporary storage of DELOSS(k) 
EANS d(dE/dX)/dE for E(M) 
ALOSSA(J) (dE/dX) X R(J) for E(M) 
DLOSSA(J) (d(dE/dX)/dE) X R(J) f o r  E(M) 
A0 temporary storage of ALO or  AH0 
A1 temporary storage of AL1 o r  AH1 
A2 
BO 
temporary storage of AL2 or  AH2 
temporary storage of BLO or  BHO 
B1 temporary storage of BL1 or BH1 
B2 temporary storage of BL2 o r  BH2 
EXT (see page 168) 
co conservation equation coefficient co where 
co = A , / L ~ E ~ O  C O S ~ X ~  
c1 conservation equation coefficient C1 where 
c = A ~ / E * ~  
c2 conservation equation coefficient C, where 




















KCK counter to determine if solar maximum or 
solar minimum is being evaluated 
T1 particular time under consideration 
EN1 proton density 
FLUXP proton flux 
TAU mean proton lifetime 
xx conservation equation source term 
(see page 167) 
YY conservation equation loss term 













D. F lo~v Chnrts 
1 .  R h i n  Program 
Sebp table 01 
dE/dx VI eoeigy 
Setup high and low 
energy constants 
Input R'r and L'r 
(Tape 2) 
I 







Calculate equation ccefticients 
KCK = 0 
T I = T  
setup8 Z,(dE,dr1 ATM 
and(dE,dX)ATMand 
(d!dE/dz)/dE1 ATM 101 
solar ma" 
Output density. wtth soutce 
and Imr l e i m i  
(Taw 31 
Calculate source and 
loss terms 
Output (dEidi1ATM. 




llux and man lifetime 
T 10 
Calculate denrity. flux. 
and mean lifetime 
--i) 
174 
. -  
2. Subroutine Table 
YANS =exp (ANS) 
i 
START 









r - 3  From table 
I I YfI) to VLL) of logs of 
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Input ,J his program occurs on logical tape 2 and consists of B, L ,  A, R(1), 
..., R(12) 1 (l), ..., C (12) for each case under consideration. As  with the con- 
servation equation calculation the B-L- h card is followed by two R cards which 
a re  followed i n  turn by two Z cards. The control cards are  left out of this pro- 
gram since there is only one method of computation available here. 
1. Input Card Description 
B-L-A 
Card 




























magnetic field line 
magnetic induction 
scale factor R for TIME(1) 
scale factor R for TIME(2) 
scale factor R for TIME(3) 
scale factor R for TIME(4) 
scale factor R for TIME(5) 
scale factor R for TIME(6) 
scale factor R for TIME(7) 
scale factor R for TIME(8) 
scale factor R for TIME(9) 
scale factor R for TIME(10) 
scale factor R for TIME(l1) 
scale factor R for  TIME(12) 
atoms/cm atmospheric loss parameter Z 
atoms/cm atmospheric loss parameter 2 
atoms/cm atmospheric loss parameter Z 






- .  _. 
Columns Mode Quantity Units Description 
41-50 E SIG(5) atoms/cm atmospheric loss parameter Z: 




X Card 1-10 E SIG(7) atoms/cm atmospheric loss parameter Z 
11-20 E SIG(8) atoms/cm atmospheric loss parameter Z 
21-30 E SIG(9) atoms/cm atmospheric loss parameter Z 
31-40 E SIG(1O) atoms/cm atmospheric loss parameter Z 
41-50 E SIG(11) atoms/cm atmospheric loss parameter Z 











Output for this program occurs on tape 3. Time, density, flux, mean life- 
time, dE/dX, d(dE/dX)/dE, Z , source and loss are  all printed for each energy 
level at a given By L and latitude. The headings are listed below with explana- 
tions and dimensions: 
TIME - time - years 
N(E) - density - # protons/cm3 MeV. 
FLUX - f lux - # protons/cm2 sec. MeV. 
MEAN LIFETIME - proton mean lifetime - sec. 
CO - Co (see MNEMONICS) 
C1 - Cl (see MNEMONICS) 
C2 - C2 (see MNEMONICS) 
ALOSSA - (dE/dX) ATMOS 
- ## protons/cm3 sec. MeV. 
- cm/sec. MeV. 
- cm/sec. MeV. 
- Mev./cm. 
DLOSSA - (d(dE/dX)/dE) ATMOS - cm’l 
SIG - 1- atoms/cm 
SOURCE - conservation equation source term - # protons/cm3 MeV. 
LOSS - conservation equation loss term - # protons/cm3 MeV. 
ENERGY - energy - MeV. 
LATO - latitude - degrees 
L - magnetic field line - earth radii 
B - magnetic induction - gauss 
18 5 
M t A U  L I F E T I  L 
0.378 13 f - f J4  
MLAN L l F t T I M t  
0.118LLt-b3 
KtAN L I F t T I M t  
0.242%fE-C3 
P I ~ A N  L l F t T I M L  
0 .477>3t -b3  
hLai.J L I F t T I M C  
0 .52777t -0  3 
K t A V  L l F C T i K t  
0.854n3E-03 
_ .  
WEHN L 1 I-ET I Y t  




% ( E ) =  
. .  
C0= 
4LOSSA= 
q J I ) =  
CO= 
ALOSSA= 






N t E ) =  
co= 
ALOSSA= 






N ( E ) =  
co= 
ALOSSA= 
N ( E ) =  
to= 
AL OS S A =  
N ( E I =  
d.12345F-17 C1= 0.19444L 33  
U.5232At-11 I L n S L P =  0-30333E-13 
U. 37650E-14 S J I I ? C C =  0.12349E-17 
T I %ti V ( t )  
ti. 7 73a4~-1 ti C 1 =  0.17752Z 08 
3.56031E-11 i i L O S S l =  3.27'~23f-13 
u.311455-14 s t iwci=  a.')t->woE-18 
T I Y E  Y ( F )  
:3.77iM4t-18 C1= 0.17252E O B  
E 'JE g 3 ~  = 13 o . cor E v 
0. 0.31 15E-14 
4.000 0.30 76E-14 
3.46tJ33E-11 DLDSSA= G.Zld95t-13 
3.30161E-14 S O ~ J R C C =  0.77id4E-18 
T i M k  X I ; )  
f V E t{GY = 
0. 
7 0 0 .  OOY t V 
0.2 2 58f - 14 
U. 37265E-18 ci= 0 . 1 4 ~ ~ 5 ~  aa 
0.46921E-11 d L O S S A =  9.1545l.i-13 
0.22579E-14 j uu i tCE= 0.46~32~-ia 
T I r r E  V ( t )  
u.372b5t-16 ci= 0.14~85~. ua  
4.000 0.2236~- 14 
0.3L)OOYC-Ll ULGSSA= (1.12'516E-13 
tJ.22L?BE-14 SilURCE= 0.37265E-18 
T I % €  Y ( t )  
FVFHC.Y= 2 > @ . r I O M E V  
0. 0.17 i3C-14 
U.21103E-ld ci= ~ . i 2 > 4 0 ~  oa 
0.17529~-14 SOWICE= 0.2637~~-ia 
do40abQE-11 OLOSSA= d.98392E-14 
T I M E  V ( E )  
0.21100t-16 Cl= 0.12340E G8 
4,030 0.1731E-14 
0.33106F-11 DLOSSA= C.77 l02t-14 
0.17jlUE-14 SOURCE= 0.211JOE-18 
T I M E  N ( C 1  
0.13257E-18 C 1 =  0.10Y47E JB  
9.36805E-11 GLOSSA= U.68303E-14 
0.14b37t-14 <OCIRCF= 0.1637I.F-18 
T I M E  N ( E )  
0.13157E-ib C1= 0.10347E 08 
E' iEt lGY= 3 G O .  O O M E V  
0. 0.14046-14 
4.000 cf . I 3 A ~ E  - I 4
tj.29H13E-11 i)LULSA= 0.55329E-14 
0.13dblE-14 SOUKC[= Oo13257E-ld 
TI Y E  U t E I  
Ood9495t-19 C1= 0.98356E 07 
ELEr(GY= 350.00MEV 
0. 0-  1142E-14 
0.33696E-11 DLOSSA= 0.50877E-14 
U.11418E-14 SL'URCE= 0.11187E-18 
T I M €  V(E) 
O.89495E-13 C 1 =  0.98358E 07 
J.27458E-11 DLDSSA= 0.41212E-14 
0.11214F-14 SOURCE= 0.d9495E-19 
T I M E  N ( t )  
U 63676E-19 C1= 0.90559E 07 
0.93607E-15 SOUKCE= 0.79596E-19 




If* 31 723E-11 DLUSSA= 0,38580E-14 




ci= 0.75L75E 10 




c2=  0.7>275k 10 




L2= 0.83106E 10 
S l G =  0.13UdOt-14 
LOaS= 0.2U030E-03 
F L U X  
0,00004 
C2= 0.83106E 10 
SIG= L'. l0610t-14 
LOSS= 0.16~1.3E-03 
t L U X  
0.00Ui)3 









O.OO( iu3  





L2= U.95545ie 10 









C2= 0.10075E 11 
S I G =  0.106iOE-14 
L O S S =  0.793ai~-o4 
FLUX 
0.00002 





M E A U  L I F t T l M i  
0.17391k-02 
M E A V  L I F k T I M E  
0.15296L-02 
MEAN L l F E T l M t  
0,18701E-02 
MEAN L I F E T I M t  
0.230d4E-02 




Ht h N  L I F E T l W t  
0,326dOE-U2 
M t A N  L I F E T I H t  
0.40338t-02 
M E A N  L I F E T I M E  
0.393 76E-02 
M E A N  L I F E T I M E  
0.48601E-C2 
M E A N  L I F E T I M E  
0.46341E-02 
H E U N  L i F E f I M E  
0.57195E-02 
F L U X  
0.00001 
i2= O . l i 7 d d i  1 1  
SI;= 0 .13050k-14  
L@SS= 0 . 4 7 j V 7 E - 0 4  
F L U X  
O.OOU31 
L 7 =  C . l 2 / 8 d E  11 
SIZ=  0.10610E-14 
L O S S =  0.30412E-04 
r<t81\1 LIFLTlMt 
0,595 1 b t - C L  
Pi t  c\lY L I F E T  I Mt 
0 .73451 t -02  
R E A U  L I f - k T I M E  
0.714 i9C-02 
N E A Y  L I F E T l M t  
0.882 3Ot-02 




. .  
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H. Running Time 
This program will do eleven cases in a minute and a half. 
189 
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L = 1.25 
NORTHERN HEMISPHERE 
-180 - 90 0 + 90 
GEOCENTRIC LONGITUDE (DEGS) 
Figure 3-B-L contours for the northern hemisphere at an 
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-180 0 + 90 - 90 
GEOCENTRIC LONGITUDE (DEGS) 
Figure 4-B-L contours for the southern hemisphere at an 
L of 1.25 earth radii 
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B o ,  MIRROR POINT (NORTHERN) I 
B o ,  MIRROR POINT (SOUTHERN) I 
WHERE: 
ds - Element of Arc along the particle's helical trajectory 
dl - Element of Arc along the field line 






0 10 20 30 40 50 60 70 80 90 100 110 
MAGNETIC LATITUDE, A (degrees) 
Figure 6-The weighing factor, A(h), versus latitude for various mirror 
















L = 1.25 e.r.  
B (gauss) 
B = 0.2292 
0 1 2 3 4 5 4  7 8 9 10 1 1  12 
TIME (years) 
Figure 7-A time history of the atmosphere scale factor, R,  a s  a function 










L = 1 .25 e.r .  / 
f - 0.169 0.209 
0.219 
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TIME (years) 
Figure 8-A t ime history of the atmospheric loss parameter 1, as a 












v, 150 - 
E 
* 130 - 
- 
-1 










1953 '54 '55 '56 '57 '58 '59 '60 '61 '62 '63 '64 '65 
TIME (years) 
Figure 9-A time history of the constructed mean solar cycle variation of the 




















































0 100 200 300 400 500 600 700 
ENERGY, (MeV) 
Figure 11-The proton energy loss spectrum for an oxygen target 
203 
0 100 200 300 400 500 600 700 
ENERGY, (Mev) 
Figure 12-The slope of proton energy loss versus energy for an oxygen target 
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B = 0.199 gauss 
I- STEADY - STATE  TRANSIENT 
0.01 I I 1 1  I I I I I  I 1 I I I I I I  
10 100 
E NE RGY (Me v) 
Figure 13-14 comparison of the steady-state and transient proton flux energy spectrums 
for L = 1.25, B*= .199 at solar minimum and solar maximum 
1000 
205 
I .  
Figure 14-The time required in terms of solar cycles to build steady state 
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